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Experimental Setup
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25 10-Second Pulses of SFI
Furnace Temperature = 350°C
GHSV = 20,000 hrt

0.96% CO

0.32% H,

Supplemental Fuel Injection
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ean NOXx Trap Evaluation
and Optimization

Accomplishments

 Evaluation of LNT’s storage capacity and
breakthrough as function of temperatures (250-
500C°) and space velocities (25,000 — 75,000 hrt)

 Evaluation of H, and CO as reducing agents

e Evaluation of regeneration of LNTs using lean
and rich cycling and direct fuel injection
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Lean Burn Natural Gas Engine

Collaboration with our colleagues at Oak Ridge National
Laboratory

*Engine test cell located at National Transportation Research Center, a
partnership between UTK and ORNL

*Baseline operating data for the engine and aftertreatment system shared
between this project and ORNL’s ARES project- “NO, Emissions

Control for Natural Gas Engines and Natural Gas Vehicles”
__ CGasPsGeneralEngineData |

Name C Gas Plus

Model CG-280

Tvpe 4 Cycle; In-Line 6 Cvlinder
Bore x Stroke (mm) 114 x 135

Displacement 83

Engine Speed (rpm) 2400 1400
Engine Power (kW) 209 169
Engine Torque (N-m) 431 1153
Inlet Air Flow (L/sec) 293 205
Exhaust Gas Flow (L/sec) 217 539
Exhaust Gas Temperature (C) 643 587
Nominal Fuel Consumption (kg'ht) 47 34
Inlet Air Restriction (mm H20) 445

Exhanst Restriction (mm Hg) 102
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1800 rpm - 10% load - Capacity Test

Engine Conditions = 1800 rpm / 60 ft-Ibs
Engine Qut NOx = 227 ppm

LNT Core Temperature = 440° C

Exhaust Flow During Sorption = 2995 Limin
LNT Catalyst Volume = 14 Liters

50% NOx Breakthrough
Capacity = 2.80 g/L
Time = 2220 sec

Time (sec)




1800 rpm - 25% load - Capacity Test

Engine Conditions = 1800 rpm / 172 ft-lbs
Engine Out NOx = 239 ppm

LNT Core Temperature = 510° C

Exhaust Flow During Sorption = 4527 L/min
LNT Catalyst Volume = 14 Liters
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50% NOx Breakthrough
Capacity = 1.12 g/L
Time = 591 sec
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10% NOx Breakthrough
Capacity = 0.26 g/L
Time = 104 sec

1300
Time (sec)




System Out NOx (ppm)

1800 rpm - 50% load - Capacity Test

Engine Conditions = 1800 rpm [ 355 ft-Ibs
Engine Out NOx = 127 ppm

LHT Core Temperature = 560° C

Exhaust Flow During Sorption = 8247 Limin
LNT Catalyst Volume = 14 Liters

50% NOx Breakthrough
Capacity = .28 g/L
Time = 144 sec

e~

10% NOx Breakthrough

Capacity = .11 g/L
Time = 47 sec

1380 2030

Time (sec)




Lean NOx Trap Regeneration
30 sec sorption - 6 sec regeneration

Engine Conditions = 1800 rpm / 355 ft-lbs
Engine Out NOx = 127 ppm

LNT Core Temperature = 560° C

Exhaust Flow during Sorption = 8347 L/min
Exhaust Flow during Regen = 607 L/min
LNT Catalyst Volume = 14 Liters

77.7% NOx Reduction

2.96% Fuel Penalty
R o
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Lean NOx Trap Regeneration
60 sec sorption - 6 sec regeneration

Engine Conditiocns = 1800 rpm / 355 ft-lbs
Engine Out NOx = 127 ppm

LNT Core Temperature = 560° C

Exhaust Flow during Sorption = 8347 L/min
Exhaust Flow during Regen = 607 L/imin
LNT Catalyst Volume = 14 Liters

82.6% NOx Reduction

1.63% Fuel Penalty
I, S

System Out NOx (ppm)
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Lean NOx Trap Regeneration
90 sec sorption - 6 sec regeneration

Engine Conditions = 1800 rpm [ 355 ft-lbs
Engine Out NOx = 127 ppm

LNT Core Temperature = 560° C

Exhaust Flow during Sorption = 8347 L/min
Exhaust Flow during Regen = 607 L/imin
LNT Catalyst Volume = 14 Liters
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Reversing Valve

SECTION B-B
SCALE 1:1
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Relationship of Increased Catalyst Volume and Adsorption Time
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